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1. Introduction

The preflight orbital and reentry data for the first Gemini-Agena ren-
dezvous mission (Gemini VI) are presented herein. It is emphasized
that only trajectory-oriented information is included; crefr activities
and experiments are omitted. Because of the magnitude of the computa-
tions required to provide a complete trajectory profile, this report
will not be updated to reflect minor changes; such changes will be in-
corporated into the real-time mission planning. Thus, the enclosed is
intended to serve as a trajectory guideline for mission preparation.
The reader is urged to examine references 1 and 2 for information per-
taining to typical mission variations due to a delayed spacecraft 1lift-
off.

2. Mission Objectives

The mission objectives for Gemini VI as stated by the Gemini Program

Office are:

Primary Objective - Demonstrate rendezvous and docking with the Gemini-

Agena Target Vehicle (GATV) using both the spacecraft and Agena capa-

bilities as required.

Secondary ObJjectives -

1. Conduct rendezvous and docking using the onboard radar/computer

closed~loop mode.

2. Have both pilots conduct multiple dockings under various lighting

conditions.

3. BEvaluate attitude and translation capability of docked vehicles.
L. Demonstrate reentry guidance capability and landing point control.
5. Evaluate spacecraft command of the GATV in the undocked moﬁe.

6. Determine useful lifetime and ground control capability of the

GATV.




7. ZEvaluate the visibility of the GATV under various lighting condi-

tions and ranges.
8. Conduct systems tests and execute in-flight experiments.

A flight duration of two days is also a secondary objective of the mis-
slon. If all other objectives are completed in time, the flight may be
terminated in the West Atlantic recovery area (16-1) after one day; how-

ever, this report assumes a two-day mission.
3. Nominal Flight Plan

The nominal trajectory data have been computed using equations of mo-

tion representing a three-degree-of-freedom point mass under the influ-

ence of an oblate rotating earth with rotating atmosphere. The geo-

detic and gravitational constants used represent the Fischer Ellipsoid,

and the altitude density model used was the ARDC 1959 atmosphere (with

a K-factor of .75). The terminal phase of the rendezvous and the closed- AT
loop reentry guidance were simulated using Gemini Computer Math Flow 6
(IEM Document No. 64-528-00021).

3.1 Summary of Nominal Mission

The Gemini VI spacecraft will be launched one revolution after the GATV

launch and will rendezvous with the GATV during the fourth spacecraft

revolution. (A graphic profile of the rendezvous phase may be seen on

Figure 1, Page A-16.) The spacecraft will initially be inserted into

an elliptic 87-146 n. mi. orbit and will trail the GATV by about 1050 “x
n. mi. The two orbits will be essentially co-blanar. A small apogee

height adjustment maneuver will be made by the spacecraft, at the end ..
of its first orbit, to place 1ts apogee 15 n. mi. below the GATV or-

bit. At second spacecraft apogee, a phase adjustment maneuver bringing

‘perigee up to about 117 n. mi. will be performed, thus producing the

desired range of about 140 n. mi. between the two vehicles at the third

apogee. At the third apogee the spacecraft orbit is circularized at
an altitude of 146 n. mi. "About one hour eleven minutes later, as
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the spacecraft enters darkness, the nominal 1300 terminal phase inter-
cept maneuver is performed. This transfer maneuver, from 15 n. mi.
below and 30 n. mi. behind the GATV, will employ the onboard closed-
loop terminal guidance technique with an initial thrust of about 32
fps along the line-of-sight to the GATV. Rendezvous will occur about

33 minutes later.

After initial docking the crew will perform various experiments and
will rest for about seven hours. Final separation from the GATV will
occur at spacecraft elapsed time of 18:27:00 (five minutes prior to

sunset) with a spacecraft retrograde maneuver of seven fps.

The spacecraft will remain in approximately a 156-161 n. mi. orbit
until retrofire. Retrofire for the two-day mission will occur near
the end of the 29th revolution, after about 46 hours in orbit,for re-
entry into the west Atlantic recovefy area (30-1). Splashdown will
occur at about 46.75 hours after lift-off (10:25 a.m. Eastern standard
time, E.s.t.). '

3.2 GCemini-Atlas-Agena Target Vehicle (GAATV) Launch

The GAATV will be launched from Cape Kennedy Launch Complex 1L at a
G.m.t. of 15:00:00 (10 a.m. E.s.t.). About 9.1 minutes later the
GATV inserts into a near-circular 161 n. mi. orbit at an inclination
of 28.870. The GAATV launch azimuth.will be biased to the East (from
83.7O to about 85.70) to provide for a yaw steering maneuver during
Atlas sustainer burn so that the GATV orbital equatorial nodes will
be shifted about 4.2° to the east. This shift is equivalent to about
17 minutes of earth rotation and provides a like shift in the Gemini
plane launch window, thus effectively giving 17 additional minutes
for GLV yaw-steering launch opportunity in the same-day launch win-

dow. The orbital'élements of the GATV at insertion are as follows:
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Time of elements, t = 545L5.1 seconds of G.m.t.

Semi-major axis a = 21903605 int ft
Eccentricity . e = .0007
Inclination i = 28.8723°

11 . Argument of perigee wp = 9k .5364°

: Inertial ascending node O, = 71.4319°

[X-axis referenced through Greenwich at midnight (G.m.t. = 0)
prior to launch]

Mean anomaly M= .9OhBO

Inertial velocity V = 25368.6252 fps
Inertial flight-path angle y = .00064
Inertial heading angle = 92.9935O
Geocentric latitude B = 28.7300
Geodetic latitude . Bq = 28.8925

Earth longitude | A = -60.3035

Radius - ' R = 21888133 int %

Local altitude above

the oblate earth h = 161.0675 n. mi.

3.3 Gemini-Titan Launch

Nominally, the Gemini VI configuration will be launched from Cape
Kennedy Launch Complex 19 at a G.m.t. of 16:40:52 (11:40:52 a.m.E.s.t.)
with the Gemini Launch Vehicle (GLV) launch azimuth at 92.8O east of
north. The launch azimuth will be blased from the 9&.90 parallel '
value such that a small amount of GLV yaw steeripg in second stage
will place the Gemini spacecraft into the target plane. The GLV Tar-

geting Display, page A-U4O and the Spaceéraft Launch Window plot,
page A-17 can be examined for detailed information of this area.

)
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Twenty seconds after second stage cutoff at an inertial velocity of
25730 fps, the spacecraft will separate from the second stage of the
Titah booster by firing the two aft thrusters of the orbital atti-
tude maneuvering system (OAMS). This will provide the spacecraft
with an inertial velocity of 25740 fps and result in an 87-146 n. mi.
elliptical orbit. At this time the spacecraft will trail the GATV
by about 1050 n. mi.

The orbital elements of the spacecraft at insertion, following the

10 fps separation, are as follows:

Impulsive time = t = 60424.83 sec G.m.t.

a = 21634545 int ft V = 25740.276 fps

e = .00907065 y = -.0065535°

i = 28.8755° § = 100.4440°

wp = 110.2558° 6, = 27.0736°

Q, = 70.9557° 9y = 27.2298°

M= -.7159° A = -69.5065°
R = 21438320 int ft
h =

86.7612 n. mi.
3.4 Midcourse Rendezvous Maneuvers

A quick survey of the spacecraft maneuvers reguired for the nominal
rendezvous can be made by examining the Docking Initiation (DKI)
and Summary Maneuver Table (SMT) Displays, pages A-41 and A-l42.

Table II lists the maneuvers required for the entire mission.

3.4.1 Height Adjustment (NH) - Due to the effect of drag on the ini-
tial spacecraft orbit, a one fps posigrade burn is required at first

perigee (Nﬁ = 1.5) to raise apogee about .5 n. mi. The Detailed Ma-

neuver Table (DMT) for this maneuver, page A-43, gives additional
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information. Due to even small insertion dispersions, this maneuver
will no doubt be larger but should occur at about the same time in

any case. The orbital elements after a one fps impulsive maneuver

at ground elapsed time (G.e.t.) of 1:35:23 are:

Impulsive time = t = 65775 sec G.m.%.

a = 21635516 int ft V = 25741.3 fps
e = .009133 5 = .008109° a
i = 28.8766° ¢ = 101.6679°
wp = 111.0940° ¢, = 26.6021°
Q, = 70.4705° pq = 26.7564°
M = .8798° A = -89.6353°
R = 21437935 int £t
h = 86.6211 n. mi. | T

3.4.2 Phase Adjustment (NCl) - Near second spacecraft apogee at =
G.e.t. of 2:19:1L, the spacecraft will begin a posigrade horizontal
AV addition of 53.5 fps to bring up perigee to about 117 n. mi.

This reduces the catchup rate from about 6.68° to 4.51° per orbit and
provides the necessary phase relation at the third apogee. The DMT

for N page A-LL, displays the detailed information. The orbital

Ccy’
elements following an impulsive maneuver of this magnitude are:

Impulsive time = t = 68L4O sec G.m.t.

a = 21725225 int ft V = 25369.09 fps ..

e = .003363 y = -.000595

i = 28.8771° ¢y = 78.08u4°

wp = 112.3196° ' B = -26.4991°

Q, = 70.2302° | g4 = -26.6531°

M = 180.1775° | A = 79.5438°
R = 21798305 int ft N
h = ~

145.1935 n. mi. S
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3.4.3 Co-elliptical Maneuver (NSR) - Near the third spacecraft apo-
gee the crew will perform the maneuver which aligns the spacecraft
orbit line-of-apsides with that of the Agena while producing the de-
sired 15 n. mi. height difference at both apogee and perigee. This
slightly pitched (+4.5°) posigrade maneuver of 52.4 fps is initiated
at _a G.e.t. of 3:48:34 with the AFT thruster (DMI, page A-45). At
this time the spacecraft trails the GATV by about 140 n. mi. and
should have onboard radar lock-on. The orbital elements following
the impulsive, pitched maneuver (AvX = 52.2, AVy = -h.1, AV, = O in

platform coordinates) are:

Impulsive time = t = 73800 sec G.m.t.

a = 21814195 int ft V = 25421.82 fps

e = .00076956 v = .008258

i = 28.8775° y = 77.6886°

wp = -T7.4921° 9, = -26.3285°

q, = 69.7530° py = -26.14817°

M = 10.7863° | A = 57.5619°
R = 21797703 int Tt
h = 145.7872 n. mi.

3.5 Terminal Phase Maneuvers

Four minutes (a G.e.t. of 3:52:34) after initiating the co-elliptical

maneuver, the crew will switch the computer to the rendezvous mode

- and Bégihwtheir terminal phase systems checkout and procedures, thus

monitoring the catchup parameters (Figures 5, 7, -and 8, pages A-20,
A-22, and A-23) for about 7l minutes prior to initiating the inter-
cept trajectory. The Gemini VI Flight Plan, reference 3, should be

consulted for the detailed activities during this phase.
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3.5.1 Terminal Phase Initiation (TPI) - The nominal @t = 1300 ren-
dezvous intercept maneuver will be a burn of 32 fps along the line-
of-sight to the GATV and will commence at a G.e.t. of 4:59:58, about
one minute after entering darkness. The range to the GATV at this

time will be approximately 34 n. mi. The Terminal Phase Digitals Dis-

play, pegesdwlhf, details the initial maneuver. This pitched (27°) R
posigrade bgrn with the AFT thruster has platform components of .
AVX = 28?5;‘AVY = =14.5 and AVZ = -.6 fps and results in the follow- »

ing spacecraft elements:

Impulsive time = t = 78070 sec G.m.t.

a = 21869972 int ft V = 25454.8 fps

e = .003363 y = .02766°

i = 28.8947° Y = 113.3269°

wp = -149.3540° 8, = -17.6740° )
Q, = 69.u443° Bg = -17.7856° -
M = 8.22142° A = -41.5233°

R = 21797165 int ft
h = 1444874 n. mi.

3.5.2 Intermediate Corrections - Twelve minutes after the initial
impulse, the first intermediate correction (wt = 81.8°) is displayed
to the crew. The platform vector components (AVX = -1, AVy = -1,

AVZ = 0) are thrust Qp?hsgpagaﬁelyvﬁg maintain line-of-sight, thus

the cost is 2 fps. Twelve minutes later, at a G.e.t. of 5:24:21,
the wt = 33.6° correction is applied (avy = 0, aV, = -2, AV, = 0).
After completing the 33.6O maneuver, the range is about 4 n. mi. and

the crew begins a semi-optical approach to the GATV.

3.5.3 Terminal Phase Finalization (TPF) - The magnitude of the theore-

tical velocity-matching maneuver at a G.e.t. of 5:32:40 is about 43 fps;
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However, since the command pilot will be controlling the final ap-

proach by semi-optical techniques, additional fuel will be used. The

estimated propellant budget (Table I, Page A-1) reflects this plus

the other fuel costs. The relative trajectory for the terminal phase

is shown in figure L4, page A-19. Figures 6 and 7

show the relative

parameters. such as range, range rate, and pitch and yaw look angles.

Initial docking should occur by the time the vehicles pass over
Hewaii -af -8ix hours after lift-off, toward the end of the fourth

spacecraft revolution.

3.6 Activities Following Initial Rendezvous.

In the two revolutions following initial docking, the crew will per-

form various experiments which have been assumed to be insignificant

to the trajectory since most maneuvers during the experiments'will

be small and out-of-plane. Reference 3 should be consulted for de-

tails but a brief summary is given here:

a. Three docking practices in various lighting conditions

b. Gemini-GATV lateral translation check
c. D-3 (Mass determination experiment)
d. Gemini-GATV attitude control check

e. D-2 (GATV photography)

f. Platform parallelism check

g. SPC loaded yaw maneuver

After completing these activities at about a G.e.t. of nine hours, the

crew will begin a seven hour rest period while docked with the GATV.

3.7 Final Separation from GATV

At a G.e.t. of 18:27:00 during the 12th revolution, the spacecraft

will separate from the GATV with a retrograde maneuver of 7 fps,
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‘ahead of the GATV by about 18 n. mi. per revolution.
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about 5 minutes prior to entering darkness over Carnarvon (CRO). The
separation will provide proper relative‘conditions for an Apollo
sextant sighting experiment involving the GATV and the star back-
ground. The spacecraft will fall below the GATV by about three n. mi.
at perigee and will lead it by about 18 n. mi. after one revolution.
Thus theq%{HQlHGemini orbit will be approximately 156-161 n. mi.

until end-of-mission retrofire and the spacecraft willcontinue to get -

e R T

3.8 Nominal End-of-Mission Retrofire

A two-day mission will be terminated with retrofire at a G.e.t. of
46:10:20 at a west longitude of 168.70 during the spacecraft's 29th
revolution. Splashdown will occur in the west Atlantic recovery area
(27 N/62 W) at a G.e.t. of U6:L5:45 (about 10:25 E.s.t.).

-Should the mission be ended after one day, retrofire will occur at .

a G.e.t. of 23:40:50 with recovery in the west Atlantic also. De- ‘ o ;

tailed retrofire and reentry data are given in Appendix B.
L, GATV Activities Following Spacecraft Touchdown
L.,1 Simulated Late Rendezvous Missions .

Ground control intends to exercise the GATV after spacecraft touch-

down to gain further information of its capabilities. The exercises

will probably simulate typical rendezvous mission maneuvers requiring

the GATV; i.e., plane changesvand dwell orbits. They will begin about _ -
2L hours after spacecraft touchdown when the GATV again passes over

North América. Documentation regarding these exercises will originate ™ ™ = =0
from the Flight Control Division.

.2 Final GATV Orbit

Following the exercises mentioned above, the ground will command the

GATV to a high altitude (about 220 n. mi.) such that the orbit can be
circularized. The GATV, its fuel essentially depleted, will be left
as a potential target for future Gemini missions. o
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5. Additional Information

Also included in this report are+the ground tracks for the space-
craft through two days of orbital travel and for the GATV through
five days of orbital travel (pages A-26 to A-39). The locations of
network stations and ships can be found in Table III, page A-3.
The-metwork coverage tables for the spacecraft and GATV are on pages
A-L to A-15. Figures‘9 and 10 show orbital periods and catchup rates
for-various Agena and spacecraft altitudes.
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DEFINITIONS OF RENDEZVOUS SYMBOLS

The number of the spacecraft apogee nearest the rendezvous

point (M = 4 is fourth apogee rendezvous).

Denotes in-orbit maneuver line counter. Apogee point is

.N =.X, perigee point is N = X.5, common nodsl (plane change) >

points are N = X.25 or X.75.

"Spacecraft apogee height adjustment maneuver performed at v ¥
perigee end of maneuver line (i.e., NH = 1.5 denotes height

adjustment near first spacecraft perigee).
Spacecraft phase adjustment maneuver performed at apogee end
Nop = 2

denotes phase adjustment near second spacecraft apogee.)

of maneuver line to change the catchup rate (i.e.,

Spacecraft co-elliptical maneuver, generally one apogee less
than M. "SR" stands for "slow rate," denoting the slowing .
down of the catchup rate (to about 2.3 deg/orb.) for the re-

maining spacecraft travel prior to terminal phase initiation.

Terminal Phase Initiation = time at which the spacecraft

executes the first maneuver to intercept the target.

Terminal Phase Finalization = time at which the spacecraft
would theoretically apply the velocity-match maneuver to ren-

dezvous with the target.
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ESTIMATED PROPELLANT REQUIRED FOR NOMINAL TWO-DAY RENDEZVOUS MISSION
Propellant Weight, lbs,
Disturbance Attitude Platform
Rendezvous requirements Maneuvers torques control alignment
Separation from GLV, 10 fps 9.2 1.0 1.6
Initial platform alignment ) .5
Height adjustment (Ny = 1.5), 1 fps ’ .9 .1 .5
- Phase adjustment (NC1 = 2), 53,5 fps 49.4 5.4 .5
% _Co-elliptic maneuver (NSR = 3), 52,4 fps " 48.3 5.3 2.2 .5
x Terminal phase initiation wt = 130°), 32 fps 30.0 3.3 1.7
. 81.8° Correction, 2 fps . . 2.0 .2
33.6° Correction, 2 fps ) 2.0 .2 &
.. . Attitude control from TPl to 1 n. mi., 7 fps ) 7.3
Braking (closure from 1 n, mi, to 100 ft)
a, Theoretical value, 43 fps 42.7 3.5
b. Probable additional semi-optical, 22 fps 21.4 1.7 10.3
Final closure from 100 ft (includes go-around 11.3 1.2 2.1
and docking), 14 fps
Practice dockings
a, Three separations from Agena, 9 fps 8.6 .7
b, Three dockings with Agena, 42 fps 33.7 3.5 6.1
Final separation from Agena, 7 fps 6.8 .5
Orbiting in horizon scanner mode for 30 orbits 6.3
266.3 26,6 37.6 2.0
Corrections due to dispersions
/\\ Maximum expected out-of-plane dispersions, 240 fps 212.0 22.3
'\ i (Due to liftoff delay and/or insertion errors) )
— T Y A o e 189.0 200
e inttons) gital computer 401.0 42.3
Experiments (Cost approximate and subject to change)
S/C - GATV Lateral Transiation 8.0 .1.0 1.0
D - 3 (Mass Determination) 22,0 2.4 2.0
S/C - GATV Attitude Control Check . 2.0
D - 2 {(GATV Photographs) 16.0 1.6 2.0
Platform Parallelism Check 2.0 5
S - 5,6 (Synoptic Photography) 10.0 .
Apollo Sextant measurements 5.0 .5
Laser Beam Observation 1.0
46.0 5.0 25.0 1.0
- Contingencies
* Uncertainty in propellant gaging 46,8
Contingency for rendezvous maneuvers 18.7 3.8 5,6 1
! Contingency for maneuvers due to dispersions 28.0 5.6 — _
Shad o e 103.5 9.4 5.6 1 '
TOTAL SPACECRAFT COST OF MISSION (NO DISPERSIONS) 485
TOTAL SPACECRAFT COST OF MISSION WITH DISPERSIONS 963

TOTAL SPACECRAFT PROPELLANT AVAILABLE 669
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TABLE III.- GROUND NETWORK STATIONS AND SHIPS.

Geocentric

Station  Latitude Longitude
MILA 28.2641 N  80.664L4 W
GBI - 26.4620 N~ T78.3478 W
GTI  21.3322 N TL.1320 W
BDA _ .. 32,1741 N 64.6536 W
ANT 17.0357T N 61.7927 W
CYI 27.5773 N 15.6000 W
ASC 7.9203 8 14, LOLT W
KNO 11.8919 N 8.L6LL B
PRE 25.7945 S 28.36%0 E
TAN 19.0183 8 47.3066 E
CRO 2k.7507 8 113 ,7161 E
CTN 2.7730 S 171.6883 W
HAW 21.9913 N 159.6676 W
CAL 34.4033 N 120.5612 W
GYM 27.7994 N 110.7208 W
WHS 32.1845 N 106.3696 W
TEX 27.4975 N 97.3803 W
EGL 30.2540 N 86.798L W
SHIRS s

WHE 25 N 175 W
RKV 9 S 39 W
csQ 20 N 125 E

Radar Telemetry Command, Voice
" C X | X X
C,S X X X
c,S X X X
c,S X X X’
c X X X
c,S X x X
c X
X
c
X
c,S X X X
X
c,s X X X
C,S ‘ X
S X X
c
S X X X
c
c X
X X X.
X . X X

NASA - MSC - FOD
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1.0 SUMMARY

The following text, tables, and figures are presented as an Appendix to
the mission plan for the Sixth Gemini-Titan Flight (Gemini VI).

2.0 DISCUSSION

Trajectory data included herein has been computed on an IBM TO94 using
equations of motion representing a three-degree-of-freedom point mass
under the influence of an oblate rotating earth with rotating atmosphere.
The ARDC 1959 atmosphere was the altitude-density model used. Tae
geodetic and gravitational constants used represent the Fischer Ellipsoid.
Leunch azimuth, aerodynamic coefficients and other required comstants

are listed in Table II. The method used for backup steering command

data used to generate reentry data, given in Table IV(a) through Iv{d),

is outlined in the following references:

a. Memorandum for Chief, Flight Operations Division, "Backup .
reentry guidance and control procedure for Gemini " dated October 29, 1963.

b. Memorandum to Assistant Director for Flight Operations, "Reentry
steering procedure for GT-3" dated January 7, 1965.

c. Memorandum to Chief, Mission Planning and Analysis Division,
"Method for caleulating retrofire time and backup reentry steering
commands for Gemini" dated February 16, 1965.

3.0 RESULTS

Table I presents major launch phase events and associated geodetic
parameters. .

Table III is a list of the primary and cohtingency recovery aress that
were chosen based on nominal lift-off and insertion conditionms.

Figdre 1l is a diagram of the effective thrust angles of the orbit attitude
and maneuvering systemn.

Figure 2 shows the minimum allowable perigee altitude (75 nautical miles)
as a function of V4 and y4 for various insertion altitudes.

Figures 3(a) through 3(g) present the orbital parameters, apogee, perigee,
true anomaly, and period as a function of inertial velocity and flight-
path angle at various altitudes. The primary purpose of these figures

is to present a method to determine hg, hp’ 0, and T for a dispersed
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Vi, v4, and h at insertion.

Figure b4 presents Cemini VI orbital limits with the critical heating
limits and the '"skip-out" region as a function of apogee and perigee.
For various elliptical and circular orbits, the resulting reentry con-
ditions at 350000 feet are presented as a function of relative velocity

and flight-path angle in figure 5. For further clarification consult
the following references: ‘

a. Memorandum for Distribution, 65-FM3-24, "Heating and skip-zone
limits at 350000 feet for Gemini V" dated July 2, 1965.

b. Memorandum for Distribution, 65-FM3-26, "Orbital limits and
reentry spider graph for Gemini V" dated July 9, 1965. .

Figure 6 presents the maneuver capability footprint for landing area 1-4
based on the insertion vector without performing any maneuvers.

Figure 7 presents the maneuver capabllity footprint for landing in area
3-4 based on a vector after the Ny = 2 meneuver.

Figures 8 and 9 present the maneuver capability footprints for landing
areas 16-1 and 30-1 based on a vector after the spacecraft’s 7 fps
separation maneuver.

Figure 10 presents the ground elapsed times of the begin and end blackout
events for spacecraft reentry into area 30-1.

Figure 11 presents the tracking stations acquisition and loss in elapsed
times from retrofire for reentry into area 30-1 based on a O degree
elevation angle from the site.

Figure 12 presents the relative velocity and flight-path angle for the
reentry sequences of events during reentry into area 30-1.

Stagnation convective heating rate and dynamic pressure time histories
for reentry into area 30-1 are presented in figure 13.

Reentry time histories of total load factor and Mach number for reentry
into ares 30-1 are presented in figure 1.

Figure 15 presents the spacecraft line-of-sight range from the Agena
after the 7 fps separation msneuver by the spacecraft.

The trajectory of the spacecraft with respect to the Agena after the
spacecraft's T fps separation maneuver.

¢, ' _ - SN




-

TN

Separation range, azimuth, and elevation (R, A, E) of the booster with .
respect to the Gemini VI spacecraft are shown for spproximately 5
revolutions in figure 17. Figure 18 presents R, A, E for a nominal
insertion without rendezvous maneuvers.

Reentry sequence of events for the GO/NO-GO arees for Gemini VI are
presented in Tebles IV{(a) through IV(d). The reentry data in

Table IV(a) are based on the nominal insertion vector. Table IV(b)
reentry data are based on a vector after the nominal Ns; = 2 maneuver.
The reentry data of Tables IV(c) and IV(d) are based on a vector after
the nominal spacecraft separation maneuver of 7 fps at GET of 18:27:0.

L.0 CONCLUSION

It should be noted that reentry d%%a presented in this Appendix are
subject to updates due to changes in maneuvers, spacecraft weights,
aerodynamics, and other constants. Presented in Table V are the
latest trajectory and spacecraft constants for Gemini VI that were
defined after the calculations for this Appendix were completed. -
Random check cases were run with the above mentioned Table V donstants
and no significant changes in retrofire times were noted.
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TABIE I
SEQUENCE OF EVENTS FOR LAUNCH PHASE

Time from Geodetic U
Event Lift-off  Latitude I(‘gggir;ﬁ'; “‘(‘;:?;de
(min:sec)  (deg:min) g:
Lift-off 00:00 28:30 -80:33 . T
P, * . o - LR e b R i b e b b n e e il f.;a:_
i';'”g"ntm”, ~ 00:1k 28:30 -80:33 898.5 )
?;dli' Frogran 00:21 28:30  -80:33 2,042.3
Pitch Rate Pro- . . . |
grem No. 1 Starts ~ 90:23 . 28:30 . -80:33 2,473.8
Maximum Dynamic e . . _an. .
Pressure (80 sec) 01:20 - 28:30 80:33 | k2,4215

Pitch Rate Pro- ‘ -
gram No. 1 Ends 01:28 28:30 -80:27 53,038.3 7N

No. 2 Starts » ' o w

Pitch Rate Pro-

gram No. 2 Ends - 0L:59 28:29 -80:14 106,186.3

No. 3 Starts '

BECO 02:38 - e8:27 -T9:34 201,897.8

Pitch Rate Pro- . . oo .

gram No. 3 Ends 02:43 28:26 79:25 217,190.8

Initiate Radio o . . ;
Guidance 02:48 28:25 | T79:17 233,050.0
SECO 05:40 27:36 ~T1:4k 527,709
SECO + 20 06:00  27:23 -70:23 526,969 |
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TABIE II

TABLE OF SPACECRAFT CONSTANTS AND

TRAJECTORY DATA USED IN THIS APPENDIX

Launch azimuth

Staging time, sec

.Mode II abort lift profile

Mode III abort lift profile

Minimum retrofire delay time from SECO

Nominal spacecraft separation time

92.8
158.
Full
Half
80 sec

12.3 sec

B-5

Spacecraft weights as documented in the August 1, 1965, McDonnell:

Project Gemini Weight and Balance Report

Retrofire attitudes for

a. Launch abort

Pitch
Yaw
Roll

b. From orbit
Pitch

Yaw
Roll

-20°
180°
0

Nominal orbital parameters

t, sec
Vi, fps
Y12 deg
V., fps
Ye? deg
i, deg
h, £t

SECO + 20
360.53
25730.2
- .01026 -
24362.5
-.01084
28.87

526969..

INSERT ION

372.832
25740.3
- .00655
2u372.7
-.00%327
28.87

527169 .8
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TABIE II (Continued)

SECO + 20 JINSERT ION
¥y, deg 100.014 100. 4k
9qs Geg 27.380 27.230
r, £t 21437972 21437932

* 10. Minimum perigee altitude for "apogee kick" computation,
nautical miles 75.0

11. ' Reentry aerodynamics as computed from c.g. in the August 1
McDonnell Project Gemini Weight and Balance Report

Mach C. C

Number L D
0 1 1.0
.5 .1087 1.0806
T L1448 1.1405
.8 1605 1.1682
.95 .1789 1.2315
1.2 .2295 1.4198
1.5 . 3494 1.5340
1.83 .2981 - 1.54k92
2.26 2147 1.5901
2.98 1016 1.5951
4.86 .1073 1.6368
6.86 1127 1.6314
9.65 1375 1.6381
15.0 .2166 1.6887
20.0 2420 1.6086
25.0 2359 1.49%9
z = 137.07 |
x = 0.19

Yy =-1.29

)
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TABIE II (Concluded)

12. Reference area in orbit
CD in orbit

K factor

13. Chute times 50 K feet to splash
Chute times 10 K feet to splash

14. Maximum AV available for Mode IV

B-7

110.5 £t
2.0

15

00:06:04
00:04:21

~T00 ft/sec
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15

16
17
18
19
20
21
.2
25
2k
25
26

=
S\OCD—QO\UI-F‘\NI\)H OE

TABLE IIT

GEODETIC LATITUDE AND LONGITUDE OF THE

PRIMARY AND CONTINGENCY GEMINI VI RECOVERY AREAS

:

1-4
2
3.4
L=l
53
6-3
7-3

10-2
11-2
12-2
131
1h-1
15-1
16-1
17-4
18-4
19-3

- 20-3

21-3
22-3
22D
24D

25-2 -

26-2

PRIMARY
#
2L:10 N
28:30 N
28:30 N
24:10 N
27:20 N
28:55 N
26:00 N
19:00 N
L:00 N
11:10 N
21:30 N
27:30 N
24:00 N
28:30 N
28:30 N
24:00 N
20:00 N
26:50 N
2L:00 N
28:30 N
28:30 N
2L:00 N
1:00 N
T7:30 N
14:30 N
24:00 N

.
147:00 W
147:00 W
147:00 W
147:00 W
136:00 E
136:00 E
136:00 B
136:00 E
1%:00W
25:00 W
20:20 W
25:00 W
64:00 W
64:05 W
64:05 W
64:00 W
147:00 W
14455 W
134:20 E
134:20 E
134:20 E
134:20 E
T:00 W
17:30 W
28:00 W
27:20 W

AREA
1A
2D
3D

10B
11B
128
138
4B
158
16B
17D
18p
19D
20D
21D

23

248

258
26B

$S8IBYE

CONTINGENCY
%
26:30 S
20:00 S
27:00 S
29:00 s
26:30 S
20:00 s
10:00 s
1:00 N
13:00 S

- 253:00 8

25:00 S
28:30 S
27:40 s
16:00 S
5:00 S
1:00 S
23:30 S
28:00 S
28:00 s
23:30 S
16:30 S
5:20 S
6:00'8
T:40 8
25:00 8
26:50 S

53:00 E
10:00 E
12:20 B
13:1J0 E
12:30 E
10:00 E
T:40 B
3:00 E
173:00 E
173:00 E
157:00 E
157:00 E
157:00 E
173:00 E
170:00 E
154:30 E
12:00 E
12:30 E
12:30 E
12:00 B
9:00 E
T:00 E
172:00 E
173:00 E
170:00 E
157:00 E

N

\\//




NO

27
28
29

31

27-2
28-1
29-1
30-1
31-1

TABLE III (Concluded)

PRIMARY CONTINGENCY
2y A AREA % A

28:40 N 25:00 W  27B 28:30 S 157:00 E
26:50 N 61:50 W 26:00 8  157:00 E
29:00 N 65:00 W 11:00 S 173:00 E
26:50 X 61:50 W 33008 163:00 E
21:00 N 65:00 W

g8 &
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TABLE V

TABLE OF LATEST CONSTANTS AND
TRAJECTORY DATA FOR THE GEMINI VI MISSION

Launch azimth, deg 9.8
Staging time, sec 157.8
Mode II abort lift profile | ' Full
Mode III abort 1lift profile Half
Minimum retrofire delay time from SECO 80 sec
Nominal spacecraft separation time 12.5 sec

Spacecraft weights as documented in the August 1, 1965, McDonnell
Project Gemini Weight and Balance Report

Retrofire attitudes for:

a. Launch abort

Pitch 3o°
Yaw 180°
Roll 0
b. From orbit
Pitch -20
Yaw 180°
Roll 0
Nominal orbital parameterg -
SECO + 20 INSERT ION
t, sec 357.84 370.384
vy 25730. 25740.
"V i halil Ollu “ e wl"’s
LA 24362.3 2k372.5
Ve -.012 -.00uT

-»
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TABLE V (Continued)

SECO + 20

28.88
527098.
99.94
27.410
-70.520
21438065.

INSERT ION

28.88
526901.
100.3T77

27.257

-69.618
21438025.

Minimum perigee altitude for "apogee kick" computation,

nautical miles
Reentry aerodynamics as received from McDonnell September 11, 1965.
a. Begin of Mission Aerodynamics .

Mach

C.

Number D
.5 1.0817
T 1.1404
.8 1.1685
.95 1.2351

1.2 1.41%0
1.5 1.5310
1.83 1.5470
2.26 1.5881
2.98 1.59357
4.86 1.6349
6.86 1.6303
9.65 1.6356

15. 1.6735

20. 1.6006

25.

1.487h

75.0

.1129
.1516
1672
2241
-2359

. 3016
.2213
.1130
-1239
1266
1563
2385
.2615
.2522

B-15
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TABLE V (Concluded)

z = 137.07
x =0,
y = 1.466
b. End of Mission Aerodynamics
pach o S
.5 1.0820 J11h)
T 1.1%03 ' .1536
.8 - 1.1686 .1693%
.95 1.2350 .2265
1.2 1.4122 2377
1.5 - 1.5301 3559
1.83 - 1.5463 _ L L3025
2.26 1.5874 .2233
2.98 1.5932 6L
4.86 1.6341 .1295
6.86 1.6299 1307
9.65 1.6338 S L16%2
15. 1.6673 . 2461
20. - 1.5982 .2668
25. 1.4856 .2569
z = 137.07
x =0,
y = 1.486
]J2. Reference area in orbit
Cp in ardit
K factor

13. Chute times 50 K fwet to splash
Chute times 10 K feet to splash

1k. Maxioum AV available for Node IV

O

E
S

2R Lou

88
Lx-]

&
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OAMS translational Thruster

FWD thrusters number
\ Aft firing 9-10
Fwd firing 11-12

' Left firing 13

Right firing 14
Down firing 15

Up firing 16

NASA - MSC - FOD
MISSION PLANNING & ANALYSIS DIVISION

- FLIGHT ANALYSIS BRANCH

Plot No. 16762 McDomnell

Date T-1365 C..T. Eyle

Figure 1 .- Effective thrust angles of the orbit attitude and maneuvering system,
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2.8

2.4

2.0

it g

Altitude,

Inertial flight-path angle, ¥; - deg

NASA - MSC - FOD

i i i MISSION PLANNING & ANALYSIS DIVISION
it i i I FLICHT ANALYSIS BRANCH
t B B Plot No. 16 C. B.
it st i Date J=13-63 MEB for BN
S e Ha il
R o T R i i g
I EE i

5.5 5.6 257 258 259 2.0 2.1 2.2 23 264 25 2.6 26.7%10°
Inertial velocity, Vi + fps

Figure 2. - Insertion velocity, flight=path angle and altitude required to achieve a 75 nautical mile perigee.
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Keplerian period, T, min _
82 8 2 8 86 87 & 8 ©0 9 92 %3 94 95 96 97

[ Uit BTt latt st st ss et 5 B HEH BEISHE S5k BRUBH I §

NASA - MSC - FOD
MISSION PLANNING & ANALYSIS DIVISION
FLIGHT ANALYSIS BRANCH

Plot No, ~1676ka ______ C. K. AlMay
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(a) 70 nautical mile altitude.

. Flguro 3. =True anomaly, apogee altitude and periges altitude as a function of inertial velocity and inertial flight-path angle for various altltum
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I1nertial flight-path angle, Y. deg

Keplerian period, =, min
83 8 85 86 87 88 89 % 91 %2 ] % 95 9% 97 %

FRIISIERER H3R SHERBE MR MR £H H e

: g
True anomaly, 9, deg

NASA - MSC - FOD

MISSION PLANNING & ANALYSIS DIVISION
FLICHT ANALYSIS BRANCH T Altitude of h

Plot No, J5T6%____ ¢, X. Allday BREE titude of apogee, h_, n. mi,
Date _J-1363 XSB for EIM

~——= —— Altitude of perigee, h , n, mj

5.3 254 255 256 257 258 259 2.0 261 262 2.3 2.4 265 2.6 26.7%10°
Inertial velocity. V; . fps

(b} 77 nautical mile altitude.
Figure 3. - Continued,
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Inertial flight-path angle, Y; . deg

Keplerian period, 7. min
86 & 8 89 % 9 92 93

L NASA-MSC-FOD

! MISSION PLANNING & ANALYSIS DIVISION

94 9 96 9 ]
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True anomaly, 6, deg

Altitude of perigee, hp , n,mi,
—— — — ~—Altitude of apogee, h_, n, mi.

25.8 259 2.0 261
I nertial velocity. vV, fps

5.5 .6 B

{c) 85 nautical mile altitude.
Figure 3. - Continued.
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Inertial flight-path angle. v; . deg

Keplerian period. =, min
84 85 86 87 88 89 %0 91 /4 9

9% 9% 96 9 98

f RS T

| GEMINI V LAUNCH ABORTS : ﬁ?ﬁ?.b’ﬂsﬁﬁpﬁm & ANALYSIS DIVISION
% MODE IV FLIGHT ANALYSIS BRANCH -

$555 LA | 20 SO 3423 ERRS | W 12a2d S8 23 81 5

True anomaly, 9, deg
——— = Altitude of perigee, hp LA

— — — — Altitude of apogee, ha , n. mi,
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